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57 ABSTRACT 
Permanent magnets are disclosed having a very high 
coercive force and a very great maximum energy 
product, and consisting essentially of a rare earth 
cobalt based alloy. The alloy is expressed by the for 
mula Smi-Ce(Co1---Cu,Fe,Mn). where 
0 s u is 0.20, 0.08 s vs 0.20, 0s ws 0.08, 
0.01 s x s 0.15 and 6.0 s z is 7.8, preferably 
7.2 s z is 7.8. By using these alloys, the magnetic 
properties of the resultant permanent magnets are su 
periorly affected, and the magnet-preparing process is 
rendered much simplified. This is also because the 
conventional heat aging step may be eliminated, par 
ticularly when the z value is within the preferred 
range. 

5 Claims, No Drawings 
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RARE EARTH-CONTAINING PERMANENT 
MAGNETs 

FIELD OF THE INVENTION 

This invention relates to a novel and improved alloy 
suitable for the preparation of permanent magnets and, 
in particular, to an alloy based on rare earth metals and 
cobalt which is capable of giving permanent magnets 
having a very high coercive force and a very large maxi 
mum energy product. The invention also relates to a 
very much simplified process for the preparation of 
such permanent magnets, using the alloy. 

DESCRIPTION OF THE PRIOR ART 

It has been established that a rare earth-containing 
alloy with the composition expressed by the formula 
RM, where R is a rare earth element of either samar 
ium, cerium, or a combination thereof with, optionally, 
several other rare earth elements, M is cobalt partially 
substituted, optionally, by iron and copper and z is a 
positive number between 5.0 and 8.5, is one of the most 
promising permanent magnet alloys, and extensive 
investigational efforts have been directed toward an 
optimum blend of the individual alloying components 
to give the most superior properties to the permanent 
magnets prepared therefrom. 
According to the prior art, it has been difficult to 

satisfy the requirements for magnetic properties of the 
permanent magnets in terms of, among others, residual 
magnetization B, coercive force H and maximum 
energy product (BH), all at once. For instance, in a 
permanent magnet prepared from the alloy having a 
composition expressed by the formula SmoaCeol (Coos. 
Feos,Cuolo), where z is a value variable between 5.0 
and 8.5, the values of H and (BH) are at the maxi 
mum when z is 6.5, and rapidly drop as the z value 
increases (see Japanese Journal of Applied Physics, 
vol. 12, page 761, 1973). In this connection, it should 
be noted that the maximum of the value of the coercive 
force or the maximum energy product is not larger 
than, say, 3,000.oersted or 14 megagauss-oersted, re 
spectively. These values are not satisfactory since they 
are far from the expected theoretical values. Therefore, 
it has been impossible to use any greater value for Z in 
the rare earth-cobalt based alloys without bringing 
about decreases in the coercive force and the maxi 
mum energy product, though it was meant that a 
greater z value would lessen the use of rare earth metals 
which are more expensive than such metals as copper, 
iron and cobalt. - 

OBJECT OF THE INVENTION 
The primary object of the, present invention is to 

provide a permanent magnet alloy having superior 
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properties, free of the above-described defects and, 
specifically, solve the problem between the Z value and 
the coercive force and the maximum energy product. . 
Another object of the invention is to provide a much 

simplified process for the preparation of permanent 
magnets omitting the conventional aging step. 

DETAILED DESCRIPTION OF THE INVENTION 
The permanent magnet alloy of the present invention 

has the composition expressed by the formula 
Smi-Cen. (Co-e-r-Cu-Fer Mn.). 
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where 0 is us 0.20, 0.08 s vs 0.20, 0s ws 0.08, 
0.01 s x s 0.15 and 6.0 s zs 7.8. The z value in this 
formula according to the invention can advantageously 
be much greater than in the prior art case, so that lesser 
amount of the more expensive rare earth metal can be 
used. This permanent magnet alloy of the invention 
may be used in the manufacture of rare earth-cobalt 
based permanent magnets by a conventional process 
which comprises the steps of providing by weighing, the 
individual metals in appropriate amounts, melting them 
together to produce an alloy, pulverizing the alloy into 
fine powder by any suitable means, shaping the thus 
obtained powder by compression molding in a mag 
netic field into a block of a desired form, then subject 
ing the block to sintering at a temperature between 
1,000 and 1,300°C, preferably between 1,170 and 
1,270°C, and subsequently to aging at a temperature 
between 800° and 900°C, with subsequent cooling to 
room temperature to finally obtain the products. 
According to the above conventional process, the 

heat aging step is considered to be an indispensable 
one. The inventors, therefore, studied the possibilities 
of simplifying the process by eliminating the aging step, 
and have discovered surprisingly that the alloy of the 
invention having the composition in which the z value 
is in the range of from 7.2 to 7.8 imparts the most 
desirable properties to the resultant permanent mag 
nets even without the performance of the aging step. 

In processing the permanent magnet alloys of the 
invention having the composition in which the Z value 
is in the range of from 7.2 to 7.8, the cooling velocity 
after completion of the sintering must be as high as 
possible. It is noteworthy that the higher the cooling 
velocity is, the more perfect will be the squareness of 
the hysteresis loops of the resultant magnets. However, 
when the cooling velocity is too high, it tends to.cause 
cracking in the sintered blocks and, furthermore, it is 
practically very difficult to have all of the sintered 
blocks cooled down at a uniform velocity within the 
sintering furnace, so that the quality of the resultant 
magnets will be irregular in a wider range. Therefore, 
the cooling velocity should be chosen to range from 
1°C/second to 30°C/second, preferably from 
5°C/second to 30°C/second. The cooling velocity in the 
above range must be maintained at least until the tem 
perature of the sintered blocks under cooling reaches 
800, preferably 700°C. 
According to the most preferred embodiment of the 

invention, the rare earth metal present in the alloy is 
substantially pure samarium, although other rare earth 
metals, especially cerium, may be incorporated in small 
amounts, variable naturally depending on their kind. In 
particular, when cerium is incorporated together with 
samarium in an amount not exceeding 20 atomic % of 
the total amount of cerium and samarium, the resultant 
permanent magnets will have the magnetic properties 
of practically the same level as in the case where pure 
samarium is present alone. 

Further, in respect of the alloying components other 
than the rare earth metals, in the composition of the 
permanent magnet alloys according to the invention, 
the incorporation of iron is not always required, al 
though decrease in its amount tends to cause the resid 

65 
ual magnetization B, to go down, while increase in its 
amount over the above-defined range will bring about 
such disadvantages that the coercive force H is low 
ered and the squareness of the hysteresis loops be 
comes less perfect. Similarly, increase in the amount of 
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copper tends to lower B, and the use of copper in an 
amount exceeding the above-defined range will cause 
the lowering of H. Further, the addition of manganese 
in an amount within the above-defined range has an 
effect to remarkably improve the maximum energy 
product - (BH). The maximum energy product is 
decreased by addition of manganese in an amount ex 
ceeding the above-defined range. The residual magnet 
ization B is, however, hardly affected by addition of 
manganese insofar as its amount is within or less than 
the defined range. As seen from the above, contradic 
tory effects are exhibited in some cases by varied pro 
portions of amounts of different metals incorporated in 
the alloys. It is therefore necessary that care should be 
taken in blending the individual alloying metals in con 
sideration of the desired characteristics of the finished 
magnet products, although high-performance perma 

Example Sample u w 

0 0.15 
O 0.15 
0 0.18 () 
0.08 0.18 0 
0.20 0.18 O 

() 0.15 
() 0.15 
() 0.15 
() 0.5 
() 0.15 

nent magnets with no noticeable defects in the practi 
cal meaning can be obtained from the alloys of the 
composition within the defined range. 
The following examples are given to further illustrate 

the invention but not to limit the scope of the inven 
tlOn. - 

EXAMPLE 1. 

Five permanent magnets, A, B, C, D and E, with the 
alloy compositions expressed by the formula 

Smi-Ce(Co-e-r-Cu-Fe,Mn). 

where the values of u, v, w, x and z were as shown in the 
following table were prepared by melting together 
weighed amounts of the individual metals in an induc 
tion furnace to form alloys, pulverizing the alloys by a 
jet mill into fine powder with the average particle diam 
eter of about 2 to 5pm as measured by the air-permea 
tion method, shaping the powders by the compression 
molding in a magnetic field of 15,000 oersted to form 
blocks, subjecting the blocks to sintering at a tempera 
ture from 1,220 to 1,230°C for about 1 hour, and 
cooling the thus sintered blocks at a velocity of about 
6°C/second to a temperature between 800 and 820°C, 
where the blocks were subjected to aging for about 30 
minutes. The thus obtained permanent magnets exhib 
ited magnetic properties as set out in the table. 
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EXAMPLE 2. 

Five permanent magnets F, G, H, I and J, with the 
alloy compositions as set out in the same table were 
prepared by molding the corresponding alloy powders 
into blocks by the compression molding in a magnetic 
field of about 10,000 oersted, subjecting the blocks to 
sintering at a temperature from 1,215 to 1,250°C for 
about 1 hour, and cooling the thus sintered blocks at a 
velocity of 12/second to 700°C, followed immediately 
by further cooling to room temperature. The magnetic 
properties of the thus obtained permanent magnets are 
given in the table. 
The permanent magnets F and Jare shown as control 

examples in relation to the z value. They have rather 
poor magnetic properties especially in the coercive 
force. 

Table 
B H. (BH)n 

X Z. (gauss) (oersted) (megagauss-coersted) 

0.03 7.0 8,900 8,500 19.0 
0.03 6.2 8,200 7,300 16.5 
0.06 70 9,000 8,300 20.2 
0.06 7.0 8,800 8,300 19.2 
().06 7.0. 8,500 7,800 16.0 

0.05 7:0 8,700 600 Not determined 
0.05 7.25 9,000 4,100 - 9.0 
0.05 7.5 9,300 8,900 19.2 
0.05 7.8 9,300 4,800 8.0 

8.0 8,500 1,200 Not determined 0.05 

What is claimed is: 
1. A process for the preparation of a permanent mag 

net which comprises the steps of shaping the powder of 
an alloy expressed by the formula Sm-Ce(Co---- 
Cu,FeMn) where 0 s us 0.20, 0.08 s vs 0.20, 
0s ws 0.08, 0.01 s x s 0.15, and 7.2 s zs 7.8, into 
a block by compression molding in a magnetic field, 
subjecting said block to sintering at a temperature in 
the range of from 1,170 to 1,270°C, and cooling the 
thus sintered block at a cooling velocity between 
1°C/second and 30°C/second to a temperature of about 
800°C, with subsequent cooling to room temperature 
without any intermediate aging step. 

2. A process for the preparation of a permanent mag 
net which comprises the steps of shaping the powder of 
an alloy expressed by the formula Sm-Ce(Co---. 
CuFe,Mn) where 0 is us 0.20, 0.08 s vs 0.20, 
s ws 0.08, 0.01 s x s 0.15, and 7.2 s z s 7.8, into 

a block by compression molding in a magnetic field, 
subjecting said block to sintering at a temperature in 
the range of from 1,170 to 1,270°C, and cooling the 
thus sintered block at a cooling velocity between 
1C/second and 30°C/second to a temperature of about 
800°C, aging the thus cooled block at this temperature 
and thereafter cooling the aged block to room tempera 
ture. - 

3. A permanent 
claim 1. . . . m 
4. A permanent magnet prepared by the process of 

claim 2. - 

5. The process as claimed in claim 1, wherein said 
cooling velocity is from 5 per second to 30°C per sec 
ond. 

magnet prepared by the process of 


